Prior reports suggest that dreaming during anaesthesia is dependent on recovery time. Dreaming during sedation may impact patient satisfaction. The current study explores the incidence and content of dreaming during short-term sedation with sevoflurane or propofol and investigates whether dreaming is affected by recovery time. A total of 200 women undergoing first trimester abortion (American Society of Anesthesiologists physical status I) participated in the study. Patients were randomly assigned to receive either sevoflurane or propofol for short-term sedation. Patients were interviewed upon emergence with the modified Brice questionnaire. The results showed the incidence of dreaming was significantly different between anaesthesia groups with 60% (60/100) of the sevoflurane group and 33% (33/100) of the propofol group (P=0.000). However, recovery time did not significantly differ between groups. In the sevoflurane group, a greater number of dreamers could not recall what they had dreamed about (P=0.02) and more patients reported dreams that had no sound (P=0.03) or movement (P=0.001) compared with dreamers in the propofol group. Most participants reported dreams with positive emotional content and this did not significantly differ between groups. Anaesthesia administered had no effect on patient satisfaction. The results suggest that the incidence of dreaming was not affected by recovery time. Patient satisfaction was not influenced by choice of sedative and/or by the occurrence of dreaming during sevoflurane or propofol short-term sedation.
Elective abortion is one of the most common outpatient surgeries among women 1 . Anaesthesia is an important factor for women undergoing an abortion. Dreaming during sedation or anaesthesia is a common and interesting phenomenon 2 . However, the topic of dreaming under anaesthesia is not simple; the reported incidence of dreaming varies between 0.5 and 60% [3] [4] [5] , and dreaming appears to be dependent on the type, adequacy and length of anaesthesia 6 . In addition, studies have employed a variety of methods (Brice or other interview) and procedures (investigation immediately upon recovery, hours after recovery or even days after surgery) to study dreaming after anaesthesia 2, 7 .
Sevoflurane and propofol are frequently-used hypnotics for abortion. Prior studies have reported a lower incidence of dreaming with volatile anaesthesia than with propofol 8, 9 . Long-acting volatile agents are associated with a longer delay until emergence and thus a lower probability of reporting dreams before they are forgotten 2 . However, to date, the difference between sevoflurane and propofol sedation in the incidence of dreaming for short procedures has not been compared. We therefore tested the hypothesis that less dreaming would occur with sevoflurane than propofol during short-term sedation. The current study compared the incidence and the nature of dreaming between patients sedated with sevoflurane or propofol. In addition, recovery time between the two hypnotic drugs was investigated. Furthermore, we evaluated whether patient satisfaction was influenced by sedative and/or by the occurrence of dreaming.
MATERIALS AND METHODS
Ethical approval (Ethical Committee No. 200909) was provided by the Ethical Committee Anhui Medical University, Hefei, Anhui, China (Chairperson, Prof. Yunxia Cao) in May, 2009. All patients provided written informed consent and all procedures were conducted according to the Declaration of Helsinki. This trial has been registered with the Chinese Clinical Trial Registry (ChiCTR-TRC-12001938).
Participants
Two hundred and twenty women were screened and a total of 200 female patients aged 20 to 46 years, American Society of Anesthesiologists (ASA) physical status I, participated in the study. All participants were undergoing first-trimester surgical abortion at less than 10 weeks gestational age using electric suction aspiration after oral bowel preparation. Patients were excluded from the study if they had an inadequate comprehension of the Chinese language or were diagnosed with a psychotic disorder. No premedication was used.
Anaesthesia and research procedure
A computer-generated allocation program randomly assigned 100 patients to receive sevoflurane (sevoflurane group) and 100 patients to receive propofol (propofol group). Randomisation results were concealed in opaque envelopes until after informed consent had been obtained. Patients and postoperative observers were blind to group allocation and patients were not told what to expect in regard to dreaming.
Intravenous access was obtained and oxygen administration was commenced upon arrival in the operating room. Routine monitoring included oxygen saturation (SPO 2 ), heart rate, electrocardiography and non-invasive blood pressure. Bispectral index (BIS) monitoring was also commenced (BIS-XP Version 4.0, A-2000 monitor model, 15-s smoothing; Aspect Medical Systems, Inc., Newton, MA, USA). The monitor was covered such that those present were blinded to BIS values during sedation. All patients received 4 l/minute O 2 through a face mask for denitrogenation and were administered one bolus of 1 µg/kg of fentanyl intravenously. In the sevoflurane group, patients were administered 8% sevoflurane in oxygen spontaneously breathing by mask, and in the propofol group, a bolus of propofol (1.5 to 2.5 mg/kg) was administered intravenously until the eyelash reflex was lost and then was continuously infused to maintain intended depth of sedation. The procedure was started when the eyelash reflex was lost. Anaesthetists were instructed to target the depth of sedation to an Observer's Assessment of Alertness/ Sedation (OAA/S) score of 1 (does not respond to mild prodding or shaking) 10 . Drugs (sevoflurane and propofol) were stopped after the OAA/S score equalling 1. Predefined complications were managed according to study protocol: hypotension (systolic blood pressure <80 mmHg, or 20% less than the baseline: intravenous bolus of ephedrine 6 mg), bradycardia (heart rate <50 beats per minute: intravenous bolus of atropine 0.25 mg), oxygen desaturation (SpO 2 <95% or airway obstruction: jaw thrust).
After the procedure, the patients were transferred to the post-anaesthesia care unit and were interviewed immediately upon waking from sedation. Orientation to time, place and person was assessed by an observer blind to sedation group. The modified Brice questionnaire was used for interviews. Questions included; "What was the last thing you remember before going to sleep?", "What was the first thing you remember when you woke up?', "Can you recall anything between?" and "Did you have any dreams during your procedure" 6 ?
If the patient reported dreaming under sedation, details of dream content were collected. Then the characteristics of the dream were assessed with a five-point Likert scale (see data collection) 2,11 .
Data collection
Baseline data included demographic, education level (1=all or some primary school; 2=all or some secondary school; 3=some university education), home dreaming recall frequency (0=never; 1=once a month; 2=once a week; 3=almost every morning) 8 , the Hospital Anxiety and Depression Scale (range 0 to 2, lower numbers indicating greater anxiety/depression) 12 . BIS values were downloaded using software provided by Aspect Medical Systems, Inc. Recordings with signal quality below 50 were removed from analysis. Intraoperative data included drug dose, sedation time (from first administration to the time of OAA/S score equalling 1). Postoperative data included time to eye-opening (measured as time from the stopping of the sevoflurane or propofol to response to patient's name), time to interview (time from the stopping of the sevoflurane or propofol to orientate to time, place and person) 10 , satisfaction with sedation care (very dissatisfied, dissatisfied, satisfied, very satisfied or none of the above) 7 .
Dreaming content was classified using a fivepoint Likert scale as follows: 1. Emotional content (1=very negative; 5=very positive). 2. Memorability (1=can't remember narrative of dream; 5=most memorable ever experienced). 3. Visual vividness (1=not at all vivid; 5=most vivid ever experienced). 4. Amount of sound (1=no sound; 5=most sound ever experienced).
Emotional intensity (1=not at all intense; 5=
most intense ever experienced). 6. Meaningfulness (1=not at all meaningful; 5= most meaningful ever experienced). 7. Amount of movement (1=no movement; 5=most movement ever experienced).
8. Strangeness (1=not at all strange; 5=strangest ever experienced).
Statistical analyses
The primary endpoint was proportion of dreamers between the sevoflurane group and the propofol group. Dreaming in the propofol group was predicted to be 43% based on prior studies of general anaesthesia 14 . We decided that a 50% lower incidence of dreaming during sedation with sevoflurane than during sedation with propofol would be considered clinically significant. Therefore, 71 patients per group were required to attain appropriate power (α=0.05 [two-tailed]; β=0.2). Two hundred patients were studied to allow for any loss to follow-up between the two groups.
Categorical data were summarised using percentage and were compared using χ 2 tests or Fisher's exact tests. Continuous data were tested for normality. Normally distributed variables were summarised using mean and standard deviation and compared using unpaired two-tailed t-tests. Skewed variables were described using median and range (or interquartile range) and compared using Wilcoxon's rank-sum test. All analyses were conducted using SPSS 13.0. A P value <0.05 was considered statistically significant.
RESULTS
Two hundred and twenty female patients were screened. Four patients declined participation, eight operations were cancelled due to insufficient oral bowel preparation, the anaesthetic plan of six patients was altered and two patients had serious heart disease (ASA physical status III). After all exclusions, a total of 200 female patients (ASA physical status I) participated in the study. Patients were randomly assigned to receive sevoflurane (n=100) or propofol (n=100) according to a computer-generated allocation program. Patient characteristics were similar between the two groups. There were no significant differences between groups in fentanyl dose, median BIS during sedation, median OAA/S during sedation, sedation duration time, recovery time from sedation or time to interview (Table 1) , but patients administered propofol had lower BIS values at interview than those administered sevoflurane ( Table 1) .
The incidence of dreaming significantly differed between groups. The proportion of dreamers in the sevoflurane group was 60% while that in the propofol group was 33% (odds ratio 3.05; 95% confidence interval: 1.71 to 5.43; P=0.000) ( Table  1 ). Of all dreamers (regardless of sedative group), 46 (13 in the propofol group and 33 in the sevoflurane group) reported dreams with positive emotional content while only nine (three in the propofol group and six in the sevoflurane group) reported dreams with negative emotional content. Emotional content did not differ significantly between groups. Patients reported dreams that were simple and pleasant, about everyday life and meaningful (Figure 1 ). Overall, dreams had no influence on patient satisfaction (Table 2 ). Most dreamers said that dreaming occurred during recovery and some reported that their fond dreams were interrupted by the anaesthetist waking them up.
Dreamers reported a higher frequency of home dream recall and had lower BIS values regardless of sedation group (Table 2 ). There were no significant differences in satisfaction, age, sedation time, the time to eye-opening and the time to interview between dreamers and non-dreamers ( Table 2 ).
The quality of dreams differed between the two hypnotic groups. Compared to the propofol group, dreamers in the sevoflurane group reported a higher frequency of dreams without sound (P=0.03), without movement (P=0.001) and could not clearly recall what they had dreamed about (P=0.02) ( Figure 1 ). However, there was no significant difference in dream emotional content or visual vividness between anaesthesia groups. 
DISCUSSION
The current study found that the incidence of dreaming was significantly higher in patients administered sevoflurane than in those administered propofol during first trimester surgical abortion, even though recovery times were equivalent. The sevoflurane and propofol groups also differed in dream content with the sevoflurane group reporting dreams that were less memorable and had less movement and sound than those in the propofol group. Dreamers (regardless of anaesthetic used) had significantly lower BIS values during sedation. However, there was no significant difference in BIS values between the sevoflurane and propofol groups. Across sedation groups, the majority of dreamers reported dreams with a high positive emotional content.
Dreaming is often reported after sedation or anaesthesia. However, the phenomenon is complex, with high variability in the literature 3, 6 . Prior studies have varied in the patient population studied 5 , the type, adequacy and length of anaesthesia 6 , the measurement method (Brice or other interview) and the time of dream reporting 2, 7 . A light level of anaesthesia 2,13 , short procedures 14 , and the pharmacokinetics of short-acting hypnotics such as propofol and sevoflurane have been associated with an overall high incidence of dreaming 2 .
The current study found that dreamers had lower BIS values than non-dreamers during short-term sedation. This result suggests that dreaming requires a certain depth of sedation or anaesthesia and the features of dreaming after sedation were similar to general anaesthesia 7 . There was a higher incidence of dreaming with sevoflurane sedation compared to propofol sedation. However, median BIS and median OAA/S during sedation and the recovery time was similar between the two groups. Prior studies have found that the incidence of dreaming under volatile anaesthesia is lower than under propofol 8, 9 . In addition, Brandner et al found that dreaming during sedation or anaesthesia may be more likely to occur during short rather than long procedures 14 . A possible explanation for this phenomenon is that patients emerge from anaesthesia more rapidly after short procedures than long procedures and thus are more likely to remember dreams and can more easily and clearly communicate with the interviewer 2, 15, 16 . Interestingly, the current study found that a significantly higher percentage of patients reported dreaming during sevoflurane sedation than during propofol sedation. One possible reason for this phenomenon is that patients sedated with sevoflurane had higher BIS values at interview than propofol sedation. Prior studies have suggested that dreamers have higher BIS values at first interview compared to nondreamers 2, 9 . The content of dreaming was less memorable with sevoflurane anaesthesia than with propofol anaesthesia. The results may be associated with propofol increasing emotional memory consolidation by enhancing endocannabinoid signalling 17 .
While there was a significantly higher percentage of patients administered sevoflurane reporting dreams than those administered propofol, recovery time did not significantly differ between the two sedative groups. These results suggest that recovery time from short-term sedation may not be the determining factor of dream recall as previously suggested 18 . The current results may be associated with the pharmacokinetics of the short-acting hypnotics sevoflurane and propofol 4 . The difference in this respect needs further study.
Consistent with prior research 19 and regardless of sedative group, participants reported mostly positive emotional content and very little negative content in their dreams. A comparison between groups found that patients administered sevoflurane reported significantly less sound and movement during dreams than those administered propofol while there was no significant difference in emotional content or visual vividness. Previous studies have suggested that differences in dreaming content may be associated with different pharmacological effects of hypnotics in the central nervous system 20, 21 .
Despite the significant difference in the incidence of dreaming during sevoflurane and propofol short-term sedation, the patients in the two groups reported similarly high levels of satisfaction. Most dreams were simple, pleasant, familiar, pertained to everyday life and were meaningful to the patient. In agreement with previous reports 22, 23 , these results suggest that pleasant and unpleasant dreams during short-term sedation had no correlation with the hypnotic agent used. Regardless of sedation, dreamers reported dreaming more often at home than nondreamers, a finding supported by previous studies 2 .
One potential limitation of the current study was the lack of neurophysiologic monitoring, which would facilitate a better understanding of intraoperative dreaming 2 . In addition, patients in the present study were interviewed immediately after emergence. Prior studies have shown that recall of dreams is more difficult when patients are not asked to actively recall their dreams 2, 24 .
In conclusion, short-term sedation in women undergoing surgical abortion is associated with a high incidence of dreaming. In addition, the type of anaesthesia administered affects dreaming incidence; patients administered sevoflurane reported a higher incidence of dreaming than those administered propofol, despite similar recovery time and mean BIS values. In addition, dream content was affected by anaesthesia type. Patients administered propofol reported dreams with more sound and movement compared to those administered sevoflurane. Anaesthetic type did not affect emotional content (most dreamers reported emotionally positive dreams) or subsequent patient satisfaction. Our results suggest, with respect to dreaming and patient satisfaction, that sevoflurane and propofol are both acceptable for use as sedatives in patients undergoing first-trimester surgical abortion.
